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Polymers which yield a high amount of char residue at relatively high
temperatures are of intevest in ssrospace technology as charring ablators.
Generally, the higher the thermal stability of the polymer, the higher the
vield of char. A number of high perforwmance, thermally stable polymers,
such as the polyimides, polybenzimidazoles, polyimidazopyrrolones, poly~
azomethines and others, have been synthesized in recent years. These new
polymaers are usually written as having the ncrmally classical linear struc-
tures, yet they produce higher yields of char than the crosslinked phenolic
resins. High char yields would be expectad if the linear chains were
sufficiently stable in the region of 350 to 400°C so that rings or cross-
links could be generated by inter- or imtramolecular reactions at these and
higher temperatures, thereby stabilizing the polymers to higher temperaturas.
The thermal stability is the incidental consequence of the thermal treatment
of the polymer, The literature appears to be negligible on the influence of
deliberately introduced crosslinks on the char yield of thermally stable
normally "linear" polymers.

Accordingly, a number of polymeric azomethines were selected as candi-
dates to determine the changes that would result in charx yields by the )
deliberate introduction of crosslinks in their structures. The linear refer-
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ence pelymer selected for this study was the polyketanil, %_~“C6H4.:2N06H4H%ﬁ
prepared from 1,4-CH3C0CgH,COCH3 and 1,3-HoNCelyNHy, and was considered as
having 2 crosslink density, &, of zero. In this paper, the/o value polymers
prepared from equivalent quantities of 1,3,5-CzH4(COCH3)3 and
1,3,5-8633(EH2)3 were censidered as one, since every effective bond would
lead to a crosslink. Two series of polymers with @ value between zero and
one were prepared. In the first series, 1,3,5-CgH3(COCH3)3 was used with
the pair 1,4-CH3C0CgH,COCHy and 1,3-Cgli, (MHg) o to introduce the crosslinks
so that the A values were 0.00; 0.05; 0&5; 0.50 and 1.00.

In the second series, 1,3,5-CgHa(NH2)3, was used as the crosslinking
agent to give{04values corresponding to the polymers of the first series.
All of the polymers were prepared by melt condensation under nitrogen at
atmospheric pressure at the following time-temperature schedule: two hours
at 180°C; two hours at 225°C; seventeen hours at 325°C and two and one-half
hours at 400°C; these polymers are designated as H400 polymers. The ele-~
mental analyses of the HA400 polymers were in good agreement with theory.

The yields of the H4OC polymers obtained from the uncatalyzed reactions
were found to increase with an increase in the amount of trifunctional
crosslinking agent but these yields were lower than the yields obtained from
the zinc chloride catalyzed reactions. The yields of the catalyzed reaction
alsc increased with an increase in catalyst concentration. The yields
catalyzed bv 0.01 mole of zinc chlorides per wmole of total reactants increased
from 96% for systems of p =0 to 1007% farfﬂ = 1.

The char yields of the polymers were determined by thermogravimetric

analyses on 10 mg samples ground to a fine powder of approximately 500 ‘§§R]2822i2%
pieces at a heating rate of 10°C per minute in nitrogen at a flow rate of dg@ ‘§§ /
one standard liter per minute. The char yields of the polymers of/O > YH Ap
were higher than thosa of/o = 0. Typilcal values were: éy R 198
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Portions of the R400 polymers were postheatad under nitrogeu for twenty ﬁl?kzkli“/
minutes at 600°C; conditions which have been shown to yield polynuclear
condensation products, Thesa polymers ave designated as HE0Q polymers.
The weight loss under these cenditions for polymers of £ = 0 was about 14.5%,
which was slightly higher than the 10% for thagrelated polymers of!0 > 0.
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The char yields, determined thermogravimetrically, were substantially
identical for all of the H600 polymevs, ranging from 86 to 88% at 1176°C.
A typical value for the H600 polymers is '

Temperature °C

500 700 800 1000 1176

% Char 100 ¢8 93 92 88

In the B400 polymers, the deliberate introduction of crosslinks corres-
ponding to £ = 0.05 increased the amount of char remaining at 1176°C by
about 12% above the char value found for polymers of £ = 0; further in-
creases in © above 0.05 did not increase the char yield. 1In contrast, no
increase in char yield was found in the H300 polymers when £ was increased
from 0 to 1. However, when total yields were calculated on the basis of
per cent conversion in the condensation polymerization stage to 400°C,
losses in the postheating at 600°C, and the per cent char residue at 1176°C,
an increase in the crosslink density from 0 to 1 yielded an increase in
char of about 13% in the H400 polymers and about 7% in the H600 polymers.




